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The dynamic evolution of the oscillatory Belousov–Zhabotinsky reaction upon addition of increasing amount of the non-ionic poly-
mer polypropylene glycol with molecular weight 425 g mol1 (PPG-425) was investigated in a stirred-batch reactor by monitoring the
Ce(IV) absorbance changes. The oscillatory parameters are signiﬁcantly altered by the presence of the polymer.
The ﬁndings obtained in the present work revealed that the PPG-425 is not only more eﬀective, than other polymer previously [R.
Lombardo, C. Sbriziolo, M.L. Turco Liveri, K. Pelle, M. Wittmann, Z. Noszticzius, in: J.A. Pojman, Q. Tran-Cong-Miyata (Eds.), Non-
linear Dynamics in Polymeric Systems, American Chemical Society, Washington, DC, 869 (2004) 292] studied, in perturbing the BZ sys-
tems but also more capable of producing key radical species, which in turn can be exploited for the preparation of new polymeric
materials.
 2006 Elsevier B.V. All rights reserved.1. Introduction
The Belousov–Zhabotinsky (BZ) reaction is one of the
most extensively studied reactions. Numerous attempt have
been made to elucidate the very complicated chemical reac-
tion mechanism [2–4] and, in addition, peculiar features
have been detected by performing the BZ reaction in nano-
structured systems [5–8]. It is worth to remember that in
the BZ reaction there are several species, and among them
radicals, the concentration of which (very low) oscillates
with time. These peculiar species can be properly exploited
to initiate radical polymerization reaction [9,10]. Recently
[1], we have carried out systematic studies to determine
how polymers, like polyethylene glycols (PEGs), can aﬀect
the dynamics of the BZ reaction. The chemical reaction
mechanism associated with the perturbation has been pro-
posed and successful corroborated by doing model calcula-
tions applying the latest model of the BZ reaction [2], the0009-2614/$ - see front matter  2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.cplett.2006.08.003
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ingly, it has been found that the BZ system responded to
the perturbation in an unexpected way. In particular, we
could determine whether the perturbation eﬀect could be
attributed exclusively to PEG reactive endgroups (primary
alcoholic groups) or if the chemical nature of the polymeric
backbone plays a relevant role. Within this framework all
the experimental trends have been interpreted by taking
into account the reactions of the alcoholic endgroups
which generate the autocatalytic bromous acid and those
of the polymer backbone which produce hypobromous
and bromomalonic acids.
Our previous work enabled us to determine the pres-
ence of new reacting species, i.e., PEG radicals or an
extra source of the key species BrO2. As a consequence,
bearing in mind that the oscillating BZ reaction can be
coupled to polymerization [9,10], we thought to exploit
the perturbed BZ system for producing new polymeric
materials based on copolymers of polyethylene glycol
and polyacrylonitrile. This way would improve both the
yield and performance of the new materials showing
indeed very few drawbacks [11]. However, before starting
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Fig. 1. Time dependence of the Ce(IV) absorbance in the absence (A) and
presence (B) of 2.35 · 102 mol dm3 PPG-425. Initial concentrations of
the BZ system: [MA]0 = 0.10 mol dm
3, [KBrO3]0 = 0.03 mol dm
3,
[Ce(IV)]0 = 4.0 · 104 mol dm3, [H2SO4] = 1.0 mol dm3; t = 20.0 C.
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Fig. 2. Induction period (IP) as a function of the PPG-425 concentration
for the perturbed BZ system.
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thought it would be better to check the response of the
BZ system to an other kind of non-ionic polymer. With
this aim we have undertaken the present study with the
polypropylene glycol.
We have investigated the behaviour of the classical
Ce(IV)-catalyzed Belousov–Zhabotinsky reaction over a
wide non-ionic polymer concentration range; namely, poly-
propylene glycol with molecular weight 425 g mol1. The
polymer molecular weight have been chosen to direct com-
pare the PPG with the PEG-400, this way the two polymers
contain almost the same polymer chain units.
All the measurements have been performed by using the
spectrophotometric technique in stirred batch conditions at
20.0 ± 0.1 C.
2. Experimental methods
Potassium bromate, Ce(SO4)2 Æ 4H2O, malonic acid
(MA), polypropylene glycol with molecular weight
425 g mol1 (PPG-425) and sulfuric acid were of commer-
cial analytical quality (Fluka). All the reactants were used
without further puriﬁcation.
Deionized water from reverse osmosis (Elga, model
Option 3), having a resistivity higher than 1 MX cm, was
used to prepare all solutions.
Stock solutions of sulfuric acid were standardized by
acid–base titration.
The oscillating mixtures for kinetic runs were obtained
by mixing freshly prepared aqueous stock solutions of
KBrO3, PPG-425 (at the desired concentration) with
Ce(IV) in 2.0 mol dm3 sulfuric acid and MA in
2.0 mol dm3 sulfuric acid.
The following concentrations of reactants in the ﬁnal
solutions were used: [MA] = 0.10 mol dm3, [KBrO3] =
0.03 mol dm3, [Ce(IV)] = 4.0 · 104 mol dm3, [H2SO4]
= 1.0 mol dm3, 2.35 · 104 mol dm3 6 [PPG-425] 6
7.00 · 102 mol dm3.
The changes in the Ce(IV) absorbance at 350 nm have
been recorded with a computer-controlled Beckman model
DU-640 spectrophotometer, equipped with thermostated
compartments for 1.00 cm cuvettes and an appropriate
magnetic stirring apparatus.
The oscillatory parameters values reported in this work,
i.e., the induction period (IP) and the oscillation period (s),
are the mean of ﬁve diﬀerent experiments, moreover, the s
values represents the means of the ﬁrst ﬁve oscillatory
cycles.
The temperature of all the experiments was kept at
20.0 ± 0.1 C.
3. Results and discussion
Typical spectrophotometric time series recording of the
BZ system in the absence and presence of 2.35 ·
102 mol dm3 non-ionic polymer PPG-425 is depicted in
Fig. 1.It can be easily noted that the presence of the polymer
alters the oscillatory parameters but not the qualitative
proﬁle.
The oscillatory parameters, i.e., the induction period
(IP) and the oscillation period (s), obtained on varying
the polymer concentration are shown in Figs. 2 and 3,
respectively.
Perusal of the ﬁgures indicates that the IP is almost con-
stant up to a PPG-425 concentration of 1.20 · 102
mol dm3 and, then, signiﬁcantly increases while the oscil-
lation period always shows an appreciably decreases.
Moreover, beyond a critical polymer concentration of
7.20 · 102 mol dm3 no oscillations have been detected
at least up to several days of observation.
Analogous results have been previously [1] obtained for
the perturbation of the dynamics of the oscillating BZ reac-
tion with polyethylene glycols (PEGs) and the chemical
mechanism have been proposed on the base of the polymer
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Fig. 3. Oscillation period (s) as a function of the PPG-425 concentration
for the perturbed BZ system.
L. Sciascia et al. / Chemical Physics Letters 430 (2006) 67–70 69chain (or backbone) and terminal group reaction. The
experimental results conformed a chemical mechanism
which implies that the eﬀects caused by polymer backbone
reactions resulted more important at low polymer concen-
trations while the terminal group reactions dominate at
high concentration.
In the present work, at low PPG-425 concentration, the
lack of change on the induction period can be explained
by taking into account the kinetic results on the subsys-
tem PPG-425/Ce(IV). In particular, the kinetic measure-
ments, under the same experimental conditions used for
the BZ, have proved that the non-ionic polymer reacts
with Ce(IV) on a time scale of few hours and the reaction
rate increases on increasing the polymer concentration.
This implies that on the interval of time needed to the
BZ system to reach the oscillatory behaviour the reactions
previously [1] proposed involving the polymer radical
species do not signiﬁcantly contribute to the negative
feedback loop. As a consequence, the induction period
remains unchanged and we can draw the conclusion that
the chain reactions do not play a signiﬁcant role.
As for the PPG-425 eﬀects observed at high concentra-
tion, the reactions previously [1] proposed involving the –
OH terminal groups take into account the overproduction
of BrO2 (for the reaction notation we have used that
reported previously [1]):
PEGþHþ þ BrO3 ! P CHOþHBrO2 þH2O ðP5Þ
HBrO2 þHBrO3 ! Br2O4 þH2O ðR6Þ
Br2O4 ! 2BrO2 ðR7Þ
These reactions are also analogous to those [3] proposed
for the aliphatic alcohols and ethyleneglycol and justify
the overproduction of BrO2. This way the system necessi-
tates a longer time to accumulate a suﬃcient amount of
BrMA in order to turn oﬀ the autocatalytic reaction. To
reach that higher [BrMA]CRIT requires more time, i.e.,
the induction period becomes longer. In the oscillatory re-
gime the inﬂow of the autocatalytic intermediate willlengthen the autocatalytic and shorten the inhibitory
phase. However, as in the present BZ system the inhibitory
phase is much longer than the autocatalytic one, resulting
in a shortening of the total time period s.
Moreover, comparison of the results for the PPG-425
and the PEGs previously [1] studied suggest that the poly-
propylene glycol has almost the same eﬀectiveness in the
augmentation of the induction period of the polyethylene
glycol, however, it is worth to note that to damp down
the oscillations much higher polymer concentrations have
to be applied. As a matter of fact, the BrO2 are produced
in higher concentration and so by using the PPG-425, we
can achieve our goal to produce new polymeric materials
based on polyacrylonitrile by fruitfully exploiting the radi-
cal species extra source.4. Conclusions
The spectrophotometric technique has been successful
utilized to detect the change of the dynamics of the oscilla-
tory Belousov–Zhabotinsky reaction upon addition of
increasing amount of a non-ionic polymer.
All the oscillatory parameters are altered by the presence
of the polymer to an extent which depends on its
concentration.
The observed eﬀects have been attributed to both the
reactions of the polymer backbone and those of alcoholic
end-groups, the former proposed at low polymer concen-
trations do not play a relevant role, while the latter domi-
nate at high concentration.
The results obtained in the present work together with
those previously [1] gathered allow us to make a proper
choice for the preparation of new polymeric materials. In
fact, among the non-ionic polymers investigated the
PPG-425 revealed to be more eﬀective in perturbing
the BZ systems, and this reﬂects into a higher produc-
tion of key species necessary for the polymerization
reaction.Acknowledgments
This work was supported by MIUR (Italy). The authors
are grateful to the referee for the helpful suggestions.References
[1] R. Lombardo, C. Sbriziolo, M.L. Turco Liveri, K. Pelle, M.
Wittmann, Z. Noszticzius, in: J.A. Pojman, Q. Tran-Cong-Miyata
(Eds.), Nonlinear Dynamics in Polymeric Systems, 869, American
Chemical Society, Washington, DC, 2004, p. 292.
[2] L. Heged}us, M. Wittmann, Z. Noszticzius, S. Yan, A. Sirimungkala,
H.D. Fo¨rsterling, R.J. Field, Faraday Discuss. 120 (2001) 21, and
references there in.
[3] K. Pelle, M. Wittmann, Z. Noszticzius, R. Lombardo, C. Sbriziolo,
M.L. Turco Liveri, J. Phys. Chem. A 107 (2003) 2039.
[4] K. Pelle, M. Wittmann, K. Lovrics, Z. Noszticzius, M.L. Turco
Liveri, R. Lombardo, J. Phys. Chem. A 108 (2004) 5377, and
references there in.
70 L. Sciascia et al. / Chemical Physics Letters 430 (2006) 67–70[5] F.P. Cavasino, R. Cervellati, R. Lombardo, M.L. Turco Liveri, J.
Phys. Chem. B 103 (1999) 4285.
[6] M. Rustici, R. Lombardo, M. Mangone, C. Sbriziolo, V. Zambrano,
M.L. Turco Liveri, Faraday Discuss. 120 (2001) 39.
[7] I.R. Epstein, V.K. Vanag, Chaos 15 (2005).
[8] A. Kaminaga, V.K. Vanag, I.R. Epstein, J. Chem. Phys. 122 (2005).[9] J.A. Pojman, D.C. Leard, W. West, J. Am. Chem. Soc. 114 (1992)
8298.
[10] R.P. Washington, G.P. Misra, W.W. West, J.A. Pojman, J. Am.
Chem. Soc. 121 (1999) 7373.
[11] T. Kowalelewski, N.V. Tsarevsky, K. Matyjaszewski, J. Am. Chem.
Soc. 124 (2002) 10632.
